Correlations between major and minor transition elements in tectonically emplaced orogenic peridotites have been ascribed to variable degrees of melt extraction and melt-rock reaction processes, leading to depletion or refertilization. To elucidate how such processes are recorded in the subcontinental lithospheric mantle, we processed a large geochemical dataset for peridotites from the four tectono-metamorphic domains of the Beni Bousera orogenic massif (Rif Belt, northern Morocco). Our study reveals that variations in bulk-rock major and minor elements, Mg-number and modal mineralogy of lherzolites, as well as their clinopyroxene trace element compositions, are inconsistent with simple partial melting and mainly resulted from different reactions between melts and depleted peridotites. Up to 30% melting at < 3 GPa and cryptic metasomatism can account for the geochemical variations of most harzburgites. In Grt-Sp mylonites, melting and melt-rock reactions are masked by tectonic mixing with garnet pyroxenites and subsolidus re-equilibration. In the rest of the massif, lherzolites were mostly produced by refertilization of a refractory protolith (Mg-number $ 91, Ol $ 70%, Cpx/Opx ¼ 0Á4) via two distinct near-solidus, meltrock reactions: (1) clinopyroxene and orthopyroxene precipitation and olivine consumption at melt/rock ratios <0Á75 and variable mass ratio between crystallized minerals and infiltrated melt (R), which are recorded fairly homogeneously throughout the massif; (2) dissolution of orthopyroxene and precipitation of clinopyroxene and olivine at melt/rock ratios 1 and R ¼ 0Á2-0Á3, which affected mainly the Ariè gite-Seiland and Seiland domains. The distribution of secondary lherzolites in the massif suggests that the first refertilization reaction occurred prior to the differentiation of the Beni Bousera mantle section into petro-structural zones, whereas the second reaction was associated with the development of the tectono-metamorphic domains. Our data support a secondary, refertilization-related origin for most lherzolites in orogenic peridotite massifs.
INTRODUCTION
Orogenic peridotite massifs play an important role in our understanding of the structural and chemical evolution of the subcontinental lithospheric mantle. These large peridotite bodies offer the opportunity to characterize the compositional variations induced by partial melting, melt transport and melt-rock reactions in the mantle over scales ranging from centimetres to tens of kilometres (e.g. .
Classically, covariations of modal, major and trace element compositions in orogenic peridotites have been ascribed to variable degrees of melt extraction from a fertile mantle source (Bodinier, 1988; McDonough & Frey, 1989; Herzberg, 2004) . However, several studies in orogenic, ophiolitic and oceanic peridotites have provided evidence that similar trends are caused by melt-rock reaction processes (involving mineral dissolution and/or precipitation, leading to depletion or refertilization), which are associated with major events of thinning and/or rejuvenation of the lithospheric mantle (e.g. Becker, 1996; Lenoir et al., 2001; Mü ntener et al., 2004; Niu, 2004; Rampone et al., 2004; Ionov et al., 2005; Le Roux et al., 2007) . These processes are particularly well-documented in the Lherz (western Pyrenees, southern France) and Ronda peridotite massifs (Betic Cordillera, southern Spain), which show modal, chemical and textural variations resulting from partial melting, melt-rock reaction, annealing of deformation microstructures and crystallization of secondary minerals (Van der Wal & Bodinier, 1996; Garrido & Bodinier, 1999; Lenoir et al., 2001; Le Roux et al., 2007; Bodinier et al., 2008; Marchesi et al., 2013) . In Ronda, structural and compositional variations at a kilometrescale are associated with a recrystallization front that separates a partially molten granular peridotite domain from its precursor lithospheric tectonite domain (Van der Wal & Bodinier, 1996; Garrido & Bodinier, 1999; Lenoir et al., 2001; Soustelle et al., 2009) . Lenoir et al. (2001) concluded that a strong thermal gradient existed across the Ronda mantle section during the formation of the recrystallization front, allowing small melt fractions to percolate up to 1Á5 km ahead of the front and form a metre-scale layering of harzburgites and lherzolites produced by reactive melt percolation (Soustelle et al., 2009) . In Lherz, the boundary between the spinel lherzolite-websterite and harzburgite units constitutes an extremely convoluted refertilization front, formed by the coalescence of relatively narrow melt infiltration channels (Le Roux et al., 2007 . These refertilization and melting fronts are considered the upper and lower boundaries of transient, moving asthenospherelithosphere transition zones generated by the thermomechanical erosion of the lithospheric mantle by upwelling asthenosphere (Le Roux et al., 2007; Soustelle et al., 2009) .
The Beni Bousera orogenic peridotite massif (Rif Belt, northern Morocco) has chemical and structural features similar to those observed in Lherz and Ronda (Frets et al., 2014) , and it is dominated by fertile spinel (6 garnet) lherzolite compositions (Pearson et al., 1989; Kornprobst et al., 1990) . Here we present an extensive and detailed geochemical dataset for peridotites from the Beni Bousera massif, which includes major element abundances in bulk-rock and minerals, and trace element abundances in clinopyroxene. Our results show that the Beni Bousera lherzolites have peculiar modal variations normally not observed in a unique orogenic massif, which were induced by two different melt-rock reactions causing pyroxene addition to a refractory mantle protolith. These data support a secondary, refertilization-related, origin for most lherzolites in orogenic peridotite massifs and provide general insights into melt-rock reactions in the mantle.
GEOLOGICAL SETTING
The western Mediterranean underwent a complex Alpine tectonic evolution that mainly consisted of oceanic subduction initiation, slab fragmentation, and slab rollback during convergence between Africa and Europe (Royden, 1993; Chalouan & Michard, 2004; Faccenna et al., 2004; Mauffret et al., 2007; Platt et al., 2013; van Hinsbergen et al., 2014) . In the westernmost Mediterranean, the Alpine orogeny shaped the Gibraltar arc, which is bounded by the Betic, Rif and Tell belts that surround the Albor an and Algerian-Provenc¸al basins (Fig. 1a) . The internal units of these belts are mostly included in an allochthonous lithospheric domain (the Albor an domain) that collided and overthrust Mesozoic and Tertiary sedimentary rocks of the South Iberian (Betics) and Maghrebian (Rif and Tell) continental paleomargins (Fig. 1a) . As result of this evolution, portions of the subcontinental lithospheric mantle accreted into the internal crustal units of the Betic and Rif belts, and are exposed in the Ronda (southern Spain) and Beni Bousera (northern Morocco) peridotite massifs ( Fig. 1) (Reuber et al., 1982; Leblanc & Temagoult, 1989; Bruguier et al., 2009; Afiri et al., 2011; Garrido et al., 2011; Hidas et al., 2013; Frets et al., 2014) .
The Beni Bousera peridotite
The Beni Bousera peridotite massif (Figs 1b and 2) crops out at the bottom of the Sebtides unit-the lowermost crustal unit exposed of the Rif internal zones (Fig. 1b) and covers an area of c. 65 km 2 . The lower Sebtides crust records the polymetamorphic evolution of an original Variscan high-pressure-high-temperature basement, overprinted by a late high-temperature Alpine event related to the exhumation of the mantle peridotites (Goffe et al., 1996; Michard et al., 1997; Bouybaouene et al., 1998; Janots et al., 2006; Michard et al., 2006; Rossetti et al., 2010) . These crustal rocks have ductile foliations and lineations coherent with the internal ductile structures of the peridotite massif (Figs 1b and 2) (Reuber et al., 1982; Saddiqi et al., 1988; Janots et al., 2006; Afiri et al., 2011; Frets et al., 2014) , and record a strong metamorphic gradient from 500-550 C at 0Á7-0Á8 GPa in the Filali schists to 800-850 C at 1Á0-1Á3 GPa in the garnet granulites ('kinzigites') ( Fig. 1b ; Chalouan & Michard, 2004 , and references therein).
The Beni Bousera peridotite is composed of spinel (6 garnet) lherzolite, harzburgite, and subordinate dunite and pyroxenite layers (<10% in volume) (Kornprobst, 1969; Reuber et al., 1982; Saddiqi et al., 1988; Pearson et al., 1989; El Atrassi et al., 2011; Gysi et al., 2011; Frets et al., 2012 Frets et al., , 2014 Chetouani et al., 2016) . Several studies have revealed the polybaric and polythermal evolution of the massif (Saddiqi et al., 1988; Targuisti, 1994; Afiri et al., 2011; Frets et al., 2014) . Frets et al. (2014) distinguished four main tectonometamorphic domains, which show gradual variations of olivine grain size, microstructures, and peridotite and pyroxenite mineral assemblages. From SW to NE and from top to bottom these domains are (1) the garnet and spinel mylonite domain ('Grt-Sp mylonites'), (2) the Ariè gite subfacies domain ('Ar domain'), (3) the Ariè gite to Seiland transitional domain ('Ar-Se domain'), and (4) the Seiland subfacies domain ('Se domain) (Fig. 2) . Grt-Sp mylonites (100-200 m thick) crop out below the overlying crustal kinzigites (Figs 1b and 2 ) and consist of mylonitic Grt-Sp peridotites enclosing stretched and boudinaged (corundum) garnet pyroxenite layers (1-10 cm thick) (Tabit et al., 1997; Afiri et al., 2011; Frets et al., 2012; Chetouani et al., 2016) . The Ar domain is composed of fine-grained porphyroclastic spinel peridotites with penetrative foliation and lineation, and boudinaged, isoclinally folded or layered concordant garnet pyroxenites with sharp contacts with the peridotites. Garnet pyroxenites at the transition between the Grt-Sp mylonite and Ar domains include graphite pseudomorphs after diamond (Pearson et al., 1989; El Atrassi et al., 2011) . The Ar-Se domain has variable thickness and is composed of medium-to coarse-grained porphyroclastic spinel peridotites, with pyroxenite layers containing kelyphite aggregates after garnet and coarse spinel. These layers are commonly Rectangle shows the location of the study area (enlarged in Fig. 2 ). Flow directions and foliations are from Kornprobst (1969) , Saddiqi et al. (1988) and Negro et al. (2006) . Palaeo-isotherms are from Negro et al. (2006) . composite, showing a transition from spinel websterite to garnet-spinel websterite. The lowermost exposed domain of the massif is the Se domain, which consists of coarse-to very coarse-grained porphyroclastic and granular peridotites, and spinel pyroxenite layers. In places, this domain contains centimetric to metric diffuse dunite-harzburgite-lherzolite layering and areas with abundant dunites and wehrlites, particularly close to coarse granular peridotites with vertical olivine lineations (Fig. 2) interpreted as diapiric instabilities (Frets et al., 2014) . This petro-structural zoning has been considered the record of a low-angle transtensional shear zone, which accommodated exhumation at the base of the lithosphere from $90 to $60 km depth. Slow thermal diffusion relative to deformation-induced exhumation rates explains the strong thermal gradient across the Beni Bousera massif (Frets et al., 2014) .
SAMPLING AND ANALYTICAL METHODS

Sampling
For this study we selected 238 peridotites collected mainly along river valleys roughly perpendicular to the NW-SE orientation of the Beni Bousera massif and at varying distances from the contact with the overlying crustal kinzigites (Fig. 2) . The sampling spans the four tectono-metamorphic domains defined by Frets et al. (2014) . We sampled 46 peridotites from the Grt-Sp mylonites, 52 from the Ar domain, 30 from the Ar-Se domain, and 110 from the Se domain, focusing on harzburgite and lherzolite lithologies. Peridotites near pyroxenite layers were not sampled to minimize the effects of subsolidus equilibration between different lithologies, except in Grt-Sp mylonites where, based on microstructural data, peridotite and pyroxenite are mixed at a centimetric scale (Frets et al., 2012) .
Grt-Sp peridotite mylonites have porphyroclastic texture defined by millimetre-sized garnet and pyroxene porphyroclasts embedded in a fine-grained (<1 mm) recrystallized matrix of olivine, pyroxene and spinel neoblasts, whose elongated shapes define the mylonitic foliation. Garnet, which occurs only in peridotites from this domain, forms rounded porphyroclasts usually partly transformed to kelyphite (pyroxenespinel symplectites) and occasionally containing inclusions of spinel, pyroxene and olivine. Garnet is concentrated in clinopyroxene-rich lenses parallel to the mylonitic foliation and has irregular grain boundaries with embayments filled with pyroxene. The porphyroclasts of orthopyroxene are larger and more elongated than those of clinopyroxene and their embayments are generally filled with olivine. From the Grt-Sp mylonites to the Se domain, the Beni Bousera peridotites are characterized by an increase in the average grain size of olivine and a decrease of the volume fractions of recrystallized grains. Ar peridotites have a porphyroclastic texture consisting of millimetre-sized olivine and pyroxene porphyroclasts enclosed by finegrained ($175-250 lm) recrystallized olivine and pyroxenes. Both porphyroclasts and matrix minerals have undulose extinction and serrated and/or irregular grain boundaries. Orthopyroxene porphyroclasts show pervasive clinopyroxene exsolution and grain boundary embayments filled with olivine, and spinel is coarser (0Á5-2 mm) than in the Grt-Sp mylonites. Ar-Se peridotites have (millimetre-sized) pyroxene and (up to 1 cm) olivine porphyroclasts, and an olivine-rich ($250-350 lm) matrix coarser than that in the Ar domain. Porphyroclasts and olivine neoblasts display undulose extinction.
Orthopyroxene porphyroclasts have grain boundary embayments filled with olivine and clinopyroxene occurs mainly as aggregates, in places associated with orthopyroxene. Spinel occurs either as holly-leaf-shaped crystals or as small rounded grains, usually included in olivine. Se peridotites have coarsegrained porphyroclastic to coarse-granular textures. Olivine shows very sinuous grain boundaries and undulose extinction. Orthopyroxene is coarse (up to 8 mm), and has irregular shapes and grain boundary embayments or fractures filled with olivine. It usually shows fine clinopyroxene exsolution lamellae and undulose extinction. Clinopyroxene occurs as irregularly shaped, isolated crystals with exsolution lamellae of orthopyroxene and undulose extinction. Further details on the petrographic and microstructural features of the studied samples have been reported by Frets et al. (2014) .
Bulk-rock major and minor element compositions
For bulk-rock analyses, secondary veins and alteration rims were carefully removed by sawing. Sample powders were obtained by crushing rock slabs in a jaw crusher and powdering the crushed material in an agate disc mill. Bulk-rock major and minor transition elements (V, Cr and Ni) were analysed by X-ray fluorescence (XRF) at the Instituto Andaluz de Ciencias de la Tierra (IACT, Granada, Spain) using a Bruker D8 Advance XRF instrument equipped with six analysers (LiF200, LiF220, Ge, PE, PX1, PX2 
Mineral chemistry
Electron microprobe analyses of major elements in minerals from 51 peridotites selected for this study have been reported by Frets et al. (2014) , along with details of the analytical procedure and the structural formulae of the minerals. A summary of Mg-numbers (Mgno.) of minerals is listed in Supplementary Data File 2. For this study, we performed trace element analyses of clinopyroxene by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) in 72 peridotites. Fifty-nine of these samples were analysed at Gé osciences Montpellier (Montpellier, France), using a ThermoFinnigan ELEMENT XR high-resolution ICP-MS system, coupled with a Geolas (Microlas) automated platform housing a 193 nm wavelength Complex 102 laser from LambdaPhysik. Signals were acquired in time-resolved acquisition, devoting 2 min for the blank and 1 min for measurement of the sample. The laser was fired at an energy density of 15 J cm -2 at a frequency of 8 Hz and using a spot size of 100-120 lm. The remaining 13 samples were analysed at IACT (Granada, Spain) using an Agilent 8800 QQQ ICP-MS instrument, coupled with a Photon Machine Analyte G2 system equipped with a 193 nm wavelength excimer laser. The signals of the background blank and the samples were measured for 1 min each, and the laser was fired at an energy density of 11 J cm -2 , frequency of 10 Hz and using a spot size of 100-110 lm. Data were reduced using the Glitter (Van Achterberg et al., 2001) and Iolite (Paton et al., 2011) software at Montpellier and Granada, respectively. Ca, measured by electron microprobe, was used as internal standard, and concentrations were calibrated against the NIST glass 612 according to the values of Pearce et al. (1997) . In both institutions, the reference sample BIR-1G was analysed as external reference material in all analytical runs, and its averages (Supplementary Data File 2) are in good agreement with working values of this international standard (Gao et al., 2002 
RESULTS
Rock types
The lithological classification of peridotites was made based on their mineral modes of olivine (Ol) 
Bulk-rock chemistry
Peridotites from the different Beni Bousera structural domains overlap in terms of bulk major and minor element compositions (Figs 4 and 5) . In general, their anhydrous silica contents (41Á8-47Á4 wt %) slightly decrease in conjunction with Al 2 O 3 (0Á1-5Á4 wt %) from fertile lherzolites to refractory harzburgites ( Fig. 4a ). Some samples, particularly those from the Grt-Sp mylonite and Se domains, have rather high SiO 2 (46Á2-47Á4 wt %) relative to their Al 2 O 3 abundances, whereas three highly refractory harzburgites from the Se domain have especially low SiO 2 contents (<42Á5 wt %) (Fig. 4a ). Similar to common mantle peridotites (e.g. , the Beni Bousera samples show coherent covariation trends of anhydrous MgO and CaO against Al 2 O 3 ( Fig. 4b and c) , with a slight dispersion between MgO and Al 2 O 3 in some samples from the Grt-Sp mylonite and Se domains (Fig. 4b) . These compositional trends range between fertile-comparable with the primitive mantle (PM)-and refractory end-members. Anhydrous MgO varies from 35Á9 to 47Á5 wt %, and is particularly low (<36Á3 wt %) in a few lherzolites from the Grt-Sp mylonite, Ar-Se and Se domains (Fig. 4b) . Anhydrous CaO varies between 0Á3 and 4Á2 wt %, and is especially high (>3Á8 wt %) in one Grt-Sp mylonite and three Se lherzolites (Fig. 4c) , which also have MgO values lower than the PM (Fig. 4b) .
Anhydrous FeO does not show significant covariation with Al 2 O 3 and varies from 7Á4 to 9Á7 wt % (Fig. 4d) . Grt-Sp mylonites have a more restricted range of FeO than peridotites from the other domains. Some Se harzburgites are particularly rich in FeO (>8Á5 wt %), whereas some Ar, Ar-Se and Se peridotites have especially low FeO content (<7Á7 wt %; Fig. 4d ).
Ni (1742-2424 ppm) and V (15-99 ppm) display negative and positive correlations with Al 2 O 3 , respectively (Fig. 5) , which are in agreement with the common control of olivine abundances on Ni and of pyroxenes on V in spinel peridotites (Canil, 2004) . Some lherzolites from the Se domain are particularly rich in Ni, whereas three Grt-Sp mylonitic lherzolites and one Ar lherzolite have low V compared with rocks with similar Al 2 O 3 (Fig. 5 ).
Mineral major element composition Olivine
The major element composition of olivine is related to the fertility of the samples, with lherzolites having 
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Abyssal peridotites PM DMM Fig. 3 . Peridotite modal compositions from the different tectono-metamorphic domains of the Beni Bousera massif (Frets et al., 2014) . The mineral modes were calculated by mass balance and plot within the lherzolite field of the olivine (Ol)-orthopyroxene (Opx)-clinopyroxene (Cpx) classification diagram (Streckeisen, 1976) . The calculation method employed uses an inversion procedure combining the major element data for bulk-rock and minerals (Supplementary Data File 1). Among the 238 samples studied, 192 correspond to lherzolite (Lhz) and 46 to harzburgite (Hz). Orogenic (grey shaded area) and abyssal peridotite (dashed line) fields are from Bodinier & Godard (2014, and references therein (Fig. 6a) . Focusing on the lherzolites (Fig. 6b) , the average Fo in olivine is very similar for the Ar, Ar-Se and Se domains (c. 89Á6)-excluding two Ar-Se (Fo ¼ 88Á2) and Se (Fo ¼ 88Á1) outliers-but it is lower in the Grt-Sp mylonites (c. 89Á3) (Fig. 6b) .
Spinel
Similar to Fo in olivine, the Cr-no. [100Cr/(Cr þ Al)] in spinel reflects the lithology of the rocks, as harzburgites have higher Cr-no. (10Á2-57Á1) than lherzolites (7Á5-22Á9) (Fig. 6a) . In the Ar, Ar-Se and Se domains, the Cr-no. in spinel increases with increasing Fo in olivine within the olivine-spinel mantle array (OSMA) of Arai (1992), partially overlapping the field of abyssal peridotites, whereas in the Grt-Sp mylonites no clear correlation is observed (Fig. 6a ). Contrary to Fo in olivine, the lherzolites from the Grt-Sp mylonites have, on average, a higher Cr-no. in spinel (18Á3) than lherzolites from the other domains, especially compared with those from the Se domain (11Á7) (Fig. 6c ).
Pyroxenes
The Mg-no. [100Mg/(Mg þ Fe 2þ )] in orthopyroxene varies in a similar way to Fo in olivine, with lherzolites having, in general, slightly lower Mg-no. (88Á5-90Á6) than harzburgites (89Á4-91Á2) (Fig. 7a) . Rough negative correlations between Al 2 O 3 (2Á0-6Á2 wt %) and Mg-no. in orthopyroxene (Fig. 7a) , and between Al 2 O 3 in orthopyroxene and Fo in olivine (Fig. 7b ) are shown by lherzolites from the Ar, Ar-Se and Se domains, but are absent in the Grt-Sp mylonites (Fig. 7) . The Mg-no. in clinopyroxene ranges from 88Á6 to 92Á8 in lherzolites and from 90Á6 to 93Á3 in harzburgites (Supplementary Data File 2) and, in general, it is negatively correlated with Ti (704-4457 ppm) and Na 2 O (0Á5-2Á2 wt %) in clinopyroxene (not shown).
Clinopyroxene trace element composition
The PM-normalized extended trace element patterns and the chondrite-normalized REE patterns of clinopyroxene in the peridotites are differentiated in Clinopyroxene in almost all the samples shows enrichment of Cs relative to Rb and of U relative to Th, and negative anomalies of Ba, Nb, Pb, Zr and Ti (Figs 8a and 9). Some exceptions are clinopyroxene enriched in Rb relative to Cs-in BB183, BB187, BB191 from the Ar domain, and in BB138 and BB246A from the Se domain; clinopyroxene with a positive anomaly in Ba and Nbin BB026 from the Ar domain; and clinopyroxene relatively rich in Pb-in BB102 and BB205 from the Ar-Se domain (Fig. 9 ).
Rare earth elements (REE)
Grt-Sp mylonites. Clinopyroxene in lherzolites from this domain has varied REE patterns (Fig. 8b) . In samples BB088B and BB165, clinopyroxene has convex-upward mid-ocean ridge basalt (MORB)-like patterns, depleted in LREE and MREE relative to HREE (Ce N /Sm N ¼ 0Á4-0Á5; Sm N /Yb N ¼ 0Á6-0Á9). Clinopyroxene in BB006, BB083 and BB171 is enriched in MREE relative to LREE and HREE, displaying a bell-shaped pattern (Ce N /Sm N ¼ 0Á5-0Á7; Sm N /Yb N ¼ 6Á5-11Á9). In sample BB201, clinopyroxene is depleted in REE and exhibits three S-shaped patterns (Ce N /Sm N ¼ 0Á5-0Á9; Sm N /Yb N ¼ 0Á9-5Á3) that mainly differ in their HREE concentrations (Fig. 8b) .
Ar domain. Most of the lherzolites in this domain have clinopyroxene depleted in LREE and MREE relative to HREE (Ce N /Sm N ¼ 0Á1-0Á8; Sm N /Yb N ¼ 0Á2-0Á8), especially in sample BB026 (Fig. 10a) . Exceptions are lherzolites BB187, BB098 and BB143, which have clinopyroxene patterns that differ from the general convex-upward shape as they are enriched in LREE relative to HREE (Fig. 10a) . Concerning the harzburgites, clinopyroxene in sample BB108 displays a convex-upward REE pattern (Ce N / Sm N ¼ 0Á5; Sm N /Yb N ¼ 0Á9) that is very similar to the general trend of lherzolites, whereas clinopyroxene in BB035D is enriched in LREE and MREE relative to HREE (Ce N /Sm N ¼2Á0; Sm N /Yb N ¼ 2Á2) (Fig. 10b) . Ar-Se domain. Clinopyroxene in lherzolites from this domain also displays the convex-upward MORB-like pattern (Ce N /Sm N ¼ 0Á5-0Á7; Sm N /Yb N ¼ 0Á6-0Á9) described for lherzolites from the other domains (Figs 8a and 10 ). Exceptions to this trend are clinopyroxene in samples BB207, with a spoon-shaped pattern; in BB130, BB205 and BB256, in which it displays a bell-shaped pattern; and in BB216, with an almost unfractionated clinopyroxene pattern (Fig. 10c) . Focusing on harzburgites, clinopyroxene in BB076A has the general convex-upward REE pattern of lherzolites (Ce N /Sm N ¼ 0Á7; Sm N / Yb N ¼ 0Á8), whereas in BB070 it is mildly fractionated and in BB259 shows a bell-shaped pattern (Fig. 10d) .
Se domain. Clinopyroxene in Se lherzolites (Fig. 10e ) is very homogeneous in terms of REE compositions and shows the typical convex-upward pattern (Ce N / Sm N ¼ 0Á4-1Á0; Sm N /Yb N ¼ 0Á7-1Á1) generally described in the massif. Clinopyroxene is particularly LREEdepleted in lherzolites BB246A and BB262 (Ce N / Sm N ¼ 0Á2; Sm N /Yb N ¼ 0Á6-0Á7), and it is especially rich in REE in BB057. Lherzolite BB174 has clinopyroxene with a bell-shaped pattern (Ce N /Sm N ¼ 0Á8; Sm N / Yb N ¼ 2Á4; Fig. 10e ), similar to most harzburgites from this domain (Ce N /Sm N ¼ 0Á5-1Á0; Sm N /Yb N ¼ 1Á4-3Á9; Fig. 10f ). Clinopyroxene in harzburgites BB050A and BB214A has a positive Eu anomaly, and in harzburgite BB270 it shows a spoon-shaped pattern (Fig. 10f) .
DISCUSSION
The role of tectonic mixing and subsolidus equilibration
Tectonic mixing between peridotites and garnet pyroxenites has been reported in mylonites from the Lherz, Ronda and Beni Bousera orogenic massifs (e.g. Schubert, 1977; Obata, 1980; Fabriè s & Conqué ré , 1983; Pearson et al., 1993; Garrido et al., 2011) , and, to some extent, constitutes the observational foundation of the two-component marble-cake mantle hypothesis (Allè gre & Turcotte, 1986) . The Beni Bousera Grt-Sp mylonites experienced strong shearing under lithospheric conditions that resulted in stretching and transposition of the pyroxenite layers, leading to local mechanical mixing between garnet pyroxenites and host peridotites (Reuber et al., 1982; Saddiqi et al., 1988; Pearson et al., 1993; Frets et al., 2012 Frets et al., , 2014 . Therefore, it is important to assess to what extent syntectonic (Supplementary Data File 2) . The trend of partial melting of fertile MORB mantle (FMM), the 'olivine-spinel mantle array' (OSMA), and fields for abyssal (light grey area) and suprasubduction-zone (SSZ) peridotites (dark grey area) are from Arai (1994) . Symbols as in Fig. 3 . Box plots show the variation of (b) Fo in olivine and (c) Cr-no. in spinel of lherzolites from the four domains of the massif. Each box extends from the 25th percentile to the 75th percentile of the data distribution, the 50th percentile ('median') corresponds to the line across the box, and the average value is represented by an open circle. Lines extending from the box correspond to values between the 10th and 90th percentile. Single samples outside these distribution bounds are called outliers and are symbolized by an 'x' with their respective sample names. The box plots were made using olivine and spinel major element data for 46 lherzolite samples: 10 Grt-Sp mylonites (one sample not analysed for olivine), 6 lherzolites from the Ar domain (one sample not analysed for olivine), 11 from the Ar-Se domain and 19 from the Se domain.
grain size reduction and increasing contact surface between peridotites and pyroxenites (Kornprobst, 1969; Pearson et al., 1993; Tabit et al., 1997; Frets et al., 2012 Frets et al., , 2014 influenced the bulk-rock (Figs 4 and 5) and mineral major (Figs 6 and 7) and trace element variability (Fig. 8) in this domain.
The anomalously high bulk SiO 2 and low MgO of some Grt-Sp mylonites compared with other Beni Bousera peridotites with similar Al 2 O 3 ( Fig. 4a and b) and their higher CaO and Al 2 O 3 contents than the PM (Fig. 4c ) cannot be explained by melting processes. These data point instead to tectonic mixing with mafic layers. Furthermore, subsolidus re-equilibration with garnet pyroxenites is supported by the relatively low Fo content in olivine (Fig. 6b) , high Cr no. in spinel owing to preferential incorporation of Al 2 O 3 in garnet (Fig. 6c ) (Arai, 1994) , and the lack of correlation between Al 2 O 3 and Mg-no. in orthopyroxene (Fig. 7a ) and between Al 2 O 3 in orthopyroxene and Fo in olivine (Fig. 7b) . Reequilibration with garnet is also confirmed by the trace element patterns of clinopyroxene in some Grt-Sp mylonites, which are depleted in HREE, Zr and Y, and are locally in disequilibrium on a thin-section scale (Fig. 8 ) similar to hybrid peridotites from lower Austria (Becker, 1996) . These compositional features are in agreement with other geochemical and structural evidence for tectonic mixing and subsolidus equilibration between peridotites and garnet pyroxenites at the garnet to spinel lherzolite transition (Kornprobst et al., 1990; Pearson et al., 1993; Pearson & Nowell, 2004) . Therefore, we exclude this domain from the following discussion about the igneous evolution of the massif because its bulkrock and mineral compositions are significantly influenced by subsolidus re-equilibration.
Relationships between peridotite modes and the petro-structural zoning of the massif Similar to other orogenic massifs, the Beni Bousera peridotites mostly consist of fertile spinel lherzolites (Fig. 3) . In the spatially associated Ronda massif, the fertility of peridotites is related to their petro-structural domains, as granular peridotites are on average more depleted in major and trace elements than spinel tectonites and transitional peridotites at the recrystallization front (Lenoir et al., 2001) . In contrast, the Beni Bousera peridotites do not show clear variations of bulk-rock and mineral compositions related to the tectono-metamorphic zoning of the massif (Figs 4-10) , but some correspondence exists between the petrostructural domains and different trends of mineral modes in the lherzolites. According to their modal compositions, we distinguish three types of lherzolites (Fig. 11) , as follows. (1) Group I. Lherzolites with Ol ! 60%, Ol/Opx ratios higher than the depleted MORB mantle (DMM) and variable Cpx/Opx ratios generally lower than 0Á8. They mostly occur in the Ar (c. 50% of the domain) and Se (c. 45%) domains, and are slightly less abundant in the Ar-Se domain (c. 36%) (Fig. 12) . (2) Group II. Lherzolites with Ol < 60%, Ol/Opx generally lower than the DMM, and Cpx/Opx ratios rather constant. These lherzolites are heterogeneously distributed, but they are mostly found in the Ar (c. 36%) and Se domains (c. 25%), and are less common in the Ar-Se domain (c. 14%) (Fig. 12) . (3) Group III. Lherzolites with Ol > 65%, Opx < 21% and Cpx > 7%, showing a dispersion towards the wehrlite field normally not observed in orogenic massifs.
Cpx/Opx ratios are highly variable, generally higher than in Group I and II lherzolites and the DMM. These samples mostly occur in the Ar-Se (c. 50%) and Se domains (c. 30%), and are rarer in the Ar domain (c. 14%) (Fig. 12) .
Henceforth, we will use this new mode-based classification to evaluate in detail the igneous processes that generated the compositional variability of the Beni Bousera peridotites.
Assessment of the role of partial melting and melt extraction
To account for the variability of major elements in mantle peridotites, different experiments have been conceived to model melting of fertile mantle sources at different pressures and melt fractions (e.g. Herzberg, 2004) . The main drawbacks of this approach are the uncertainties in the source composition and melting regime (e.g. batch, fractional or incremental melting), and the similarity between the compositions of residues of simple melt extraction and those of secondary peridotites affected by refertilization processes , and references therein). However, this approximation remains useful to assess the major element variation induced by partial melting in peridotite suites. Figure 13 shows the average major element compositions of the Beni Bousera harzburgites and lherzolitesgrouped according to the classification defined in the previous section-compared with the fractional melting residues modelled by Herzberg (2004) . The covariations of MgO-FeO and MgO-Al 2 O 3 in Group I and III lherzolites are consistent with initial melting pressures of 2-3 GPa, final melting pressures of 1-2 GPa, and melting degrees between 10 and 20% ( Fig. 13a and b) . However, in the MgO-SiO 2 diagram (Fig. 13c) , the initial (5-7 GPa) and final (4-5 GPa) melting pressures inferred for these rocks are much higher. The average composition of Group II lherzolites plots outside the predictions of all melting models owing to its high FeO and SiO 2 and low MgO contents (Fig. 13) , indicating that this group cannot result from simple fractional melting. Concerning the harzburgites of the massif (except those from the GrtSp mylonite domain, as explained above), their average composition coincides with those of residues of initial melting at 2-3 GPa, final melting at 1-2 GPa and high degrees of melt extraction (up to 30%). Similar to Group I and III lherzolites, the ranges of melting pressures inferred for harzburgites in the MgO-Al 2 O 3 and MgOFeO diagrams (Fig. 13a and b) differ from those derived from the MgO-SiO 2 diagram (Fig. 13c) . These inconsistencies suggest that the geochemical variability of the Beni Bousera peridotites is not primarily controlled by fractional melting processes. This conclusion is independent of the composition of the fertile source and the melting regime (batch, fractional or incremental melting) considered in the modelling (see below).
Further evidence against a simple residual origin for lherzolites and harzburgites
The variations of bulk-rock Mg-no. and mineral modes in peridotites can be used to assess the record of partial melting and refertilization processes. Walter (1998 Walter ( , 2014 parameterized the bulk-rock Mg-no. and modal variations in batch melting experiments of a fertile peridotite source in the garnet and spinel lherzolite facies. The trends determined from these experiments are illustrated in Figs 14a and 15a, together with the compositions of the Beni Bousera peridotites plotted for comparison. In the garnet peridotite stability field (3-5 GPa), the melting curves predict bulk-rock Mg-no. much higher at a given olivine proportion than those of the Beni Bousera peridotites, except for a few lherzolites of Group I (Fig. 14a) . In contrast, several lherzolites of Groups I and III and most harzburgites have modal olivine and bulk-rock Mg-no. consistent with melting of spinel lherzolite at pressures of 0Á5-2 GPa, and melting degrees that range from 10 to 20% for lherzolites and are higher than 20% for harzburgites (Fig. 14a) . Batch melting at these low-pressure conditions can also explain the bulk-rock Mg-no. and Cpx/Opx variations of many harzburgites but is inconsistent with most lherzolites of Groups I and III (Fig. 15a) . On the other hand, Group II lherzolites plot outside the curves modelled for melting at low and high pressure owing to their low bulk-rock Mg-no. and modal olivine content (Fig. 14a) , and their rather constant Cpx/Opx (Fig. 15a) . These results indicate that batch melting processes cannot explain the general modal and bulk-rock Mg-no. variations of the Beni Bousera lherzolites. However, melting may account for the composition of most harzburgites, which are similar to old refractory lithospheric mantle rocks preserved in the Lherz massif (Le Roux et al., 2007) . Further evidence that partial melting cannot account for the geochemical features of the Beni Bousera lherzolites is given by their clinopyroxene REE compositions. Figure 16a displays curves calculated for fractional, incremental and batch melting of the PM in the spinel stability field, together with the clinopyroxene compositions of the Beni Bousera lherzolites. Moderate to high degrees of fractional and incremental melting predict a strong fractionation of the LREE, which is inconsistent with the relatively restricted range of Ce N /Nd N ($0Á6-0Á8) in clinopyroxene from most Beni Bousera lherzolites. This general low LREE fractionation is more consistent with the trends produced by batch melting, but this model does not explain the relatively large Sm N /Yb N variability of clinopyroxene in these rocks (Fig. 16a) . These features hence indicate that the Beni Bousera lherzolite compositions cannot simply be accounted for by fractional, incremental or batch melting of a PM source.
The resemblance of clinopyroxene trace element compositions in lherzolites and harzburgites (Fig. 9) suggests that the latter underwent post-melting (metasomatic) processes similar to the lherzolites but to a lesser extent. Clinopyroxene in several harzburgites (e.g. BB108, BB014, BB272) is variably enriched in Th, U, Nb and Ta relative to neighbouring elements in PMnormalized patterns (Fig. 9a and c) ; it is slightly fractionated in LREE relative to HREE (Fig. 10b, d and f) , and in some samples (e.g. BB035D, BB070, BB259) it is enriched in LREE and MREE relative to HREE (Fig. 10b  and d ). These characteristics suggest that the harzburgites probably experienced cryptic metasomatism by chromatographic interaction with migrating melts (e.g. Verniè res et al., 1997), which mainly influenced their trace element budgets, but not their modal and major element compositions (e.g. Ackerman et al., 2007) .
Formation of secondary lherzolites by refertilization reactions
Alternatively to partial melting of a fertile mantle source, the compositional variability of the Beni Bousera lherzolites can be explained by refertilization of an original refractory protolith, such as a harzburgite or depleted lherzolite. Variations of bulk-rock Mg-no. versus modal proportions of olivine (Fig. 14a ) and pyroxenes (Fig. 15a) converge towards a depleted lherzolite composition (star: Mg-no. $ 91, Ol $ 70%, Cpx/ Opx ¼ 0Á4) that may resemble those of refractory peridotite domains later modified by refertilization. Decreasing bulk-rock Mg-no. with decreasing modal olivine in Groups I and II (Fig. 14a, yellow arrow) and . Peridotite modal compositions from the Beni Bousera massif, excluding Grt-Sp mylonites. Lherzolites are divided into three groups: Group I with Ol ! 60%, and variable abundance of pyroxenes, Group II with Ol < 60%, Cpx >11% and Opx >28% and Group III with Ol > 65%, Opx <21% and Cpx >7 %. Mineral modes were calculated by mass balance as described in the caption of Fig. 3 . Fields of orogenic (grey area) and oceanic peridotites (yellow area) are from Bodinier & Godard (2014, and references therein) . DMM, open square (Workman & Hart, 2005) ; PM, open X (McDonough & Sun, 1995) .
the rather constant Cpx/Opx of these rocks (Fig. 15a , yellow arrow) may be accounted for by near-solidus, melt-consuming reactions involving olivine dissolution and pyroxene precipitation. Petrographic evidence of these reactions is obscure, possibly owing to obliteration of melt-rock reaction textures in strongly deformed peridotites (Frets et al., 2014) . Group III lherzolites show increasing modal olivine contents (Fig.  14a , pink arrow) and Cpx/Opx ratios (Fig. 15a , pink arrow) with decreasing bulk-rock Mg-no., which may be explained by orthopyroxene dissolution and precipitation of clinopyroxene and olivine at near-constant or decreasing melt mass. This conclusion is consistent with petrographic observations, which show that orthopyroxene embayments are filled with olivine in less deformed peridotites (Frets et al., 2014) . Clinopyroxene in most lherzolites shows variably negative HFSE anomalies (Nb, Ta, Zr, Hf and Ti) in PMnormalized trace element patterns (Fig. 9) . These low HFSE concentrations may be generated by the reaction between depleted peridotite and carbonatitic melts, which normally causes dissolution of orthopyroxene and precipitation of clinopyroxene and olivine (e.g. Yaxley et al., 1991) . However, this reaction is inconsistent with the clinopyroxene and orthopyroxene enrichment in Group I and II lherzolites (Figs 14 and 15 , yellow arrow) that is prevalent in the Beni Bousera massif. This reaction may also account for Group III lherzolites (Figs 14 and 15, pink arrow) but carbonatite metasomatism also produces clinopyroxene with low Al 2 O 3 and high Zr/Hf and Nb/Ta ratios (Rudnick et al., 1993) , which is not observed in any Beni Bousera lherzolite (Fig. 9) . These clinopyroxene compositions thus point to a basaltic melt slightly fractionated in REE, instead of a highly fractionated carbonatitic melt, as the metasomatic agent that reacted with peridotites.
Formation of Group I and II secondary lherzolites Walter, 1998 ) are shown at 3-5 GPa (red dashed lines) and 0Á5-2 GPa (light blue dashed lines) (after Walter, 1998 Walter, , 2014 . The yellow arrow represents the main trend of Group I and II lherzolites, whereas the pink arrow represents that of Group III lherzolites. Their intersection is represented by a dark red star. (b) Modelled bulk-rock Mg-no. variations produced by interaction of a refractory protolith (black star: Mg-no. ¼ 90Á5; olivine ¼ 70Á8%; after Ionov et al., 2005) with different types of incoming melts, involving clinopyroxene þ orthopyroxene-forming reactions at the expense of olivine in the spinel stability field [adapted model of Bodinier et al. (2008) ]. The composition of the infiltrated melt of stage n þ 1 is calculated by mixing reacted melt from stage n with melt in equilibrium with the harzburgite protolith (i.e. the infiltrated melt of stage 1 with Mg-no. ¼ 74Á5). The numbers on the curves refer to the consecutive nth runs, and the m/r values close to vertical lines indicate the melt/rock ratio.
Bulk Rock Mg-no. Walter, 1998 ) are shown at 0Á5-2 GPa (light blue dashed lines) (after Walter, 1998 Walter, , 2014 . The yellow arrow represents the main trend of Group I and II lherzolites, whereas the pink arrow represents the trend of Group III lherzolites. the reacted melt from stage n with the melt of stage 1 (Bodinier et al., 2008) . The variations of bulk-rock Mgno. and modal olivine predicted by this model are similar to those of Group II and part of Group I lherzolites at melt/rock ratios ranging from $0Á30 to 0Á75 and <0Á30, respectively. The higher bulk-rock Mg-no. and higher modal olivine of some lherzolites of Group I could be accounted for by similar reactions if the source has a higher bulk-rock Mg-no. and higher modal olivine than that used in Fig. 14b (e.g. a harzburgite) . These results support the inference that most of Group I and II lherzolites were formed by reactions with melts that were already differentiated during previous reaction stages.
The REE compositions of clinopyroxene in Group I and II lherzolites are also consistent with predictions of pyroxene-forming, melt-consuming reactions in the spinel stability field (Fig. 16b) . To reproduce these variations, we used the 'Plate Model' of Verniè res et al. (1997) , in which the infiltrated melts percolate through-and react with-a peridotite column composed of discrete 'reaction cells'. The curves in Fig. 16b are associated with different values of R (crystallized mineral/infiltrated melt mass ratio) and the arrows indicate the bottom-to-top cell evolution of melts in the reaction column. In each case, the reacted peridotite tends to be more fertile than the protolith and the fertility degree increases with the value of R. The infiltrated melt used in this model is produced by 15% batch melting of PM and is in equilibrium with clinopyroxene in the reactant refractory peridotite (black star, Fig. 16b ). For runs with low values of R (0Á02-0Á07, Fig. 16b ), clinopyroxene in the uppermost cells of the reaction column tends to have a refractory composition similar to that of clinopyroxene in the peridotite protolith (black star, Fig. 16b ). This results, for a given R ratio, in trends characterized by a backward loop in the reaction path (Fig. 16b) . For experimental runs with R between 0Á13 and 1Á20, the refertilization model results in clinopyroxene REE patterns ranging from convex-upward in the middle-bottom to LREE-and MREE-enriched in the top of the column (Fig. 16b) . These modelled patterns, especially those produced in the middle-bottom cells, reproduce the clinopyroxene REE compositions of most Group I and II lherzolites (Fig. 16b) , which are especially controlled by the infiltrated melt. As lherzolites from Groups I and II represent $50%-85% of the Ar, Ar-Se and Se domains (Fig. 12) , the envisaged melt-rock reaction-precipitation of clinopyroxene þ orthopyroxene at the expense of melt þ olivine-should have affected the entire Beni Bousera massif prior to the development of the Beni Bousera tectono-metamorphic domains. This conclusion is consistent with petro-structural data, which indicate that most pyroxenites in the Ar and Ar-Se domains have been deformed under solid-state conditions (Frets et al., 2012 (Frets et al., , 2014 . Figure 15b shows the covariation of bulk-rock Mg-no. and Cpx/Opx ratios in the Beni Bousera lherzolites, together with the predicted curves from numerical modelling involving precipitation of clinopyroxene 6 olivine at the expense of orthopyroxene in the spinel stability field [adapted from the model of Ionov et al. (2005) ]. The initial refractory peridotite (black star, Ionov et al., 2005) is coincident with the inferred protolith of the Beni Bousera lherzolites (dark red star in Fig. 15a ). The numerical modelling considers two different compositions for the infiltrated melt: (1) a primitive, high Mgno. (76) melt in equilibrium with the refractory protolith (red curves); (2) a more evolved, low Mg-no. (63) melt (black curves). The bulk-rock variations modelled using the evolved melt at R values between 0Á2 and 0Á3 and melt/rock ratios 1 are very similar to the compositions of most Group III lherzolites (Fig. 15b) . However, a few Group III lherzolites with high bulk-rock Mg-no. are better explained by refertilization through primitive melts (Fig. 15b) .
Formation of Group III secondary lherzolites
Further evidence that Group III lherzolites represent secondary peridotites formed by melt-rock reaction is provided by their clinopyroxene REE fractionation. In Fig. 16c , we compare the clinopyroxene trace element compositions of the Beni Bousera lherzolites with the results of an olivine-forming reaction modelled using the 'Plate Model' of Verniè res et al. (1997) . Despite not producing clinopyroxene, the latter reaction resembles the process envisaged for Group III lherzolites and implies dissolution of orthopyroxene and precipitation of olivine. This model considers two infiltrated melts reacting at different values of R: a primitive, high Mgno. (76) melt (grey lines), and an evolved, low Mg-no. (63) melt (red lines) derived by fractional crystallization from the primitive melt. The grey star indicates the trace element composition of clinopyroxene in the refractory protolith, calculated by 15% batch melting of PM, which is in equilibrium with the primitive melt, whereas the red star marks the composition of clinopyroxene in equilibrium with the evolved melt (Fig. 16c) .
The modelled reactions predict counter-clockwise curved paths in the Sm N /Yb N vs Ce N /Nd N diagram (Fig. 16c) . In the bottom cells of the reaction column, the clinopyroxene Ce N /Nd N ratio is buffered by the composition of the melt and remains almost constant, whereas the Sm N /Yb N ratio decreases rapidly, resulting in relatively flat paths. In contrast, in the upper part of the reaction column, clinopyroxene depletion in LREE at rather constant Sm N /Yb N produces nearly vertical paths (Fig. 16c) . The model considering the evolved melt reproduces the composition of clinopyroxene in most Group III lherzolites in the lower part of the reaction column, where clinopyroxene abundance remains constant.
Group III lherzolites are mostly present in the Ar-Se and Se domains (Fig. 12) , suggesting that this type of refertilization, involving clinopyroxene 6 olivine precipitation and orthopyroxene dissolution, took place during the development of the Beni Bousera tectonometamorphic domains. This conclusion is consistent with petrographic observations of this reaction in less deformed Ar-Se and Se peridotites (Frets et al., 2014) . The possible late formation of Group III lherzolites suggests that their protolith may have been different from that of Groups I and II. In this scenario, Group III lherzolites may have formed from a previously refertilized Group I lherzolite with a composition similar to the source assumed in Figs 14a and 15a (red star) . On the other hand, older Group I and II lherzolites may derive from an original harzburgite with a highly refractory composition (approximately Mg-no. ¼ 91, Ol ¼ 83%, Cpx/Opx ¼ 0Á2).
CONCLUSIONS
Peridotites from the four tectono-metamorphic domains of the Beni Bousera massif (Grt-Sp mylonite, Ar, Ar-Se and Se domains) have overlapping bulk-rock and mineral compositions, and show covariation trends between major and minor elements classically interpreted as the result of partial melting. The compositions of most harzburgites can be explained by melting at pressures <3 GPa and degrees of melt extraction up to 30%; cryptic metasomatism is evidenced in the clinopyroxene trace element budgets. The geochemical variations in the lherzolites are generally inconsistent with melting models in the spinel and garnet peridotite facies. Major elements in bulk-rock and minerals and trace elements in clinopyroxene indicate that Grt-Sp mylonite lherzolites were largely affected by tectonic mixing with garnet pyroxenites and subsolidus re-equilibration, which obscured the record of igneous processes. Lherzolites in the rest of the massif mostly show the compositional imprints of two types of reaction between evolved melts and a depleted peridotite protolith (Mg-no. $ 91, Ol $ 70%, Cpx/Opx ¼ 0Á4). Groups I and II, which are distributed in all the domains, were produced by clinopyroxene and orthopyroxene precipitation and olivine dissolution at melt/rock ratios <0Á75 and a mass ratio between crystallized minerals and infiltrated melt (R) ranging from 0Á13 to 1Á20. Group III rocks, which mostly crop out in the Ar-Se and Se domains, resulted from orthopyroxene dissolution and crystallization of clinopyroxene and olivine at melt/rock ratios 1 and R ¼ 0Á2-0Á3. The relatively homogeneous distribution of Group I and II lherzolites throughout the massif supports the occurrence of a widespread refertilization event prior to the differentiation of the Beni Bousera mantle section into four petro-structural domains. The predominance of Group III lherzolites in the Ar-Se and Se domains supports the suggestion that these rocks were formed by later refertilization reactions associated with the development of the tectono-metamorphic domains. The late genesis of Group III lherzolites suggests that their protolith may have been a previously refertilized Group I lherzolite.
